In this paper, we reported that chiral gold nanoflowers with the concentration of 0.08 mM can enhance the specificity of polymerase chain reaction (PCR) and eliminate unspecific products, and the efficiency of PCR declines in some extent and the melt temperature of PCR products also raises slightly, which may be associated with the enhancement of the combining power of primers and ssDNA templates and the inner stability of dsDNA by chiral gold nanoflowers.The phenomena have great potential in applications such as ultrasensitive specific detection of DNA and SNPs.
Introduction
The polymerase chain reaction (PCR) is one of the most popular techniques in modern molecular biological and medical sciences. A single nucleic acid molecule can be exponentially amplified in vitro [1] .This remarkable amplification ability can be utilized for early stage diagnosis of cancers or infective diseases [2, 3] .In the past decades, PCR technology was continuously optimized and ameliorated [4] [5] [6] [7] [8] .However, the pursuit of ultra-sensitivity and high specificity of DNA detection never halted, because it is so important that target genes are detected at ultra-low levels during the early stages of diseases. With the development of nanotechnology, several reports showed that appropriate amount of nanomaterials added in PCR reagent can enhance the efficiency, sensitivity and specificity of PCR [9] [10] [11] [12] [13] [14] [15] , and the specific mechanism seems to be supported by a number of studies [5, 9, 16, 17] .But, these elucidations were thought to lack of further sufficient evidences and be controversial. In order to precisely evaluate the effects of nanoparticles on PCR, general PCR and Real-Time PCR were applied in our study.
Experimental Section

Materials Source
Primers (produced by Invitrogen life technologies), general PCR reagent (TaKaRa, Dalian, China), Real-Time reagent (SYBR® Green Master Mixes, Invitrogen, USA), sterile deionized water (VEOLIA, ELGA-DI MK2, UK), Hepatitis Virus B (HBV) plasmids were kindly provided by Prof. Y.M. Wen (Fudan University, Shanghai, China).
Preparation and characterization of chiral gold nanoflowers
Chiral gold nanoflowers were prepared according to our previous paper and revised method [18] , and characterized by high resolution transmission electron microscope(HR-TEM).
General PCR
PCR consisted of total reaction volumes of 25 μL, containing 1 μL (12 ng • μL -1 ) HBV plasmid DNA, 2.5 μL 10x PCR Buffer (Mg 2+ Plus), 2 μL (2.5 mM) dNTP mixture, 0.125 μL (5 U • μL -1) Taq DNA Polymerase, 1 μL (10 μM) forward primer 1, 1 μL (10 μM) reverse primer 1, 5 μL gold nanoflowers solution and 12.375 μL sterile deionized water. PCR amplification was performed with Thermal Cycler (LongGene, L96C, China) under the following conditions: an initial denaturation at 95 o C for 5 min and followed by 30 cycles of 94 o C for 30 s, 53 o C for 30 s and 72 o C for 30 s, finally polymerization at 72 o C for [19, 20] . Forward Primer 1: 5'-ggacttctctcaattttctaggg-3' Reverse Primer 1: 5'-tgaggcccactcccata-3'
Real-Time PCR
Effects of gold nanoflowers on polymerase chain reaction were evaluated accurately by Real-Time PCR with high sensitivity of detection. Real-Time PCR consisted of total reaction volumes of 20 μL, containing 10 μL SYBR ® Green Master Mixes,1 μL (10 5 copy • mL -1 ) HBV plasmid DNA, 1 μL (10 μM) forward primer 2, 1 μL (10 μM) reverse primer 2, 4 μL gold nanoflowers solution and 3 μL sterile deionized water. PCR amplification was performed with Real-Time PCR detection system (Bio-Rad, MyIQ5, USA) under the following conditions: an initial denaturation at 95 o C for 10min and followed by 40 cycles of 94 o C for 30 s, 62 o C for 30 s, finally melt curves were analyed. Forward Primer 2: 5'-accgaccttgaggcatact-3' Reverse Primer 2: 5'-gcttggaggcttgaacagt-3'
Results and Discussion
Characterization of chiral gold nanoflowers
As shown in Fig. 1 , prepared chiral gold nanoflowers were 60 nm in diameter, dispersed well in water solution, its final concentration is 1 mM.
Analysis of general PCR products
General PCR was applied to amplify a 395bp Hepatitis B virus (HBV) fragments, and the products of PCR were analyzed by agarose gel electrophoresis. As shown in Fig. 2 , the 395bp target fragments were all amplified, but the yield of lane 2 was so few that target fragments were barely detected. In contrast to lane 1, there were no significant differences of brightness of PCR products from lane 3 to lane 6. However, unspecific fragments (between 200bp and 300bp) were observed distinctly from lane 1 to lane 6 expect lane 2, and the brightness of them increased gradually with the decline concentration At the same time, we found that the appropriate concentration of gold nanoflowers can eliminate the unspecific fragments from lane 2 to lane 5 as shown in Fig. 2 , the lane 6 in Fig. 2 was the same as the lane 3 in Fig. 3 . But, overfull gold nanoflowers added in PCR reagent could markedly inhibit the reaction of PCR in lane 2 and lane 3. 
Analysis of Real-Time PCR products
Real-Time PCR was applied to amplify a 189bp H e p a t i t i s B v i r u s ( H B V ) f r a g m e n t s [ 2 1 ] . T h e concentrations of gold nanoflowers used in study were 0.02 mM, 0.04 mM and 0.06 mM. Each sample was detected repeatedly in two times as displayed in Fig. 4 . The green line indicated a control group without gold nanoflowers. Their Ct values were respectively 19.70, 20.51, 20.89, 22.40, 22.29, 23.72 and 23.51 (Fig. 4) . It was noticeable that the reactions of PCR with gold nanoflowers were inhibited in contrast with control group. With the increase of concentration of gold nanoflowers, the inhibition effects of PCR were more markedly enhanced. Fig. 5 ). We found that the melt temperature ascended slightly and peak height declined obviously.Electrophoresis pattern of Real-Time PCR products demonstrated that single 189bp products were obtained (Fig. 6 ).
. Conclusion
In summary, we found that gold nanoflowers with 60 nm in diameter of 0.08 mM can enhance the specificity of PCR and eliminate unspecific products. In spite of that, the presence of gold nanoflowers in PCR reagent will lead to inhibition of reaction of PCR in different degree, and the melt temperature of PCR products also raise slightly. We speculate that gold nanoflowers bind to ssDNAs much more strongly than to dsDNAs [16] , which make the compounds of primers and ssDNA templates very hard to be untied, therefore the efficiency of PCR decreases. And gold nanoflowers make the ssDNAs and complementary ssDNAs combine firmly together and form dsDNAs, these dsDNAs are untied into ssDNAs only under higher temperature, thereby melt temperature ascend.The phenomena have great potential in applications such as ultrasensitive specific detection of DNA and SNPs. 
